The indirect haemagglutination (IHA) test using sensitized turkey erythrocytes and the indirect immunofiuorescence assay (IgM-IFA) was confirmed to be sensitive in the detection of a recent or current Pseudomonas pseudomallei infection in 19 culture-confirmed Singapore melioidosis patients. All were found to have antibody titres from 4 to 32 768 in the IHA test and 10 to 320 in the IgM-IFA test. When these tests were employed on sera from 16 immigrant Thai construction workers who died of sudden unexplained death syndrome (SUDS) and 73 healthy Thai fellow workers, 93-8 % and 68-8 % of SUDS cases had IHA titre of $; 4 and IgM-IFA titre of ^ 10 respectively, in contrast to 39-7 % and 12-3% found among healthy Thai workers. These data indicate that at the time of death, most of the SUDS patients had an active infection with P. pseudomallei, possibly resulting from reactivation of a latent infection. The aetiological role of P. pseudomallei as the major cause of SUDS is discussed.
INTRODUCTION
Sudden death in apparently healthy immigrant construction workers from Thailand has been reported in Singapore since 1982 [1] . Death usually occurred during sleep, and some of them were heard by their room-mates to breathe noisily, gasp or groan just before death. There were no prodromal symptoms and postmortem examination did not reveal the cause of death which was usually attributable to cardio-respiratory failure. These deaths are now known as sudden unexplained death syndrome (SUDS).
We have investigated 16 SUDS cases that occurred in 1990 for evidence of an infectious aetiology as pulmonary haemorrhage was noted in more than half of the cases and myocarditis and pneumonitis in some at necropsy [1] . On the basis of epidemiological investigations which showed that 80-90% of SUDS cases originated from villages in north-eastern Thailand [1, 2] we suspected that Pseudomonas pseudomallei may have an aetiological role in SUDS because the organism is hyperendemic and infection occurs mainly in males in that region [3] . Our initial study [4] showed that the majority (92-3%) of SUDS cases had indeed been exposed to P. pseudomallei as evidenced by the presence of antibodies detected by the indirect haemagglutination (IHA) test. This rate of seropositivity was found to be significantly higher than that in apparently normal, healthy Thais from the same region and living under similar conditions in Singapore.
Although the IHA test is a highly specific and sensitive test for the detection of P. pseudomallei infection, it is regarded by most workers to be less useful for detection of recent or current infection [5, 6] . Detection of specific IgM antibodies by the indirect immunofluorescence assay (IgM-IFA) and the enzyme-linked immunosorbent assay (IgM-ELISA) has been shown reliably to indicate active or current infection by P. pseudomallei [7] . In this paper, we describe the results of IHA and IgM-IFA tests on sera from bacteriologically confirmed melioidosis patients in Singapore, and from both healthy Thai workers and SUDS cases. On the basis of the serological findings in SUDS cases, we propose that P. pseudomallei infection may be aetiologically associated with SUDS.
MATERIALS AND METHODS

Patients and sera
Blood for antibody studies was taken at post-mortem from the heart of 16 SUDS cases between March and August 1990. The ages of these male Thai construction workers ranged from 21 to 45 years (mean 32-3 years). They had come from northeast Thailand and stayed in Singapore from 1 to 37 months (mean 10-4 months) before death. Sera were also collected from 73 healthy, Thai male construction workers (all, except one, from north-east Thailand) who were deployed in the same construction sites as the SUDS cases. The age groups and duration of stay in Singapore were similar to that of the SUDS cases. Nineteen Singapore patients with bacteriologically confirmed melioidosis were also included in the study.
Antigen
The antigen used in the IHA and IgM-IFA tests was from a local strain of P. pseudomallei isolated from a septicaemic patient. The organism was identified by colonial morphology and biochemical reactions using the API 20XE system (API Lab Products. UK).
IHA test
The IHA test was a modification of the procedure described by Alexander and co-workers [8] . P. pseudomallei was grown in a protein-free broth at 37 °C for 2 weeks, and heat killed by autoclaving. After centrifugation, the supernatant was used as antigen, which was preserved by addition of 0.5 % (v/v) phenol and stored at 4 °C. Sensitized erythrocytes were prepared by coating tannic acid-treated formalinized turkey cells with an optimal dilution of antigen (determined by checkerboard titration) for 30 min at 37 °C. Excess antigen was removed by washing twice with phosphate-buffered saline (PBS). pH 7 -2. Before testing, sera were inactivated by heating at 56 °C for 30 min, followed by absorption with nonsensitized turkey cells at 37 °C for 30 min. In the test, serum samples were diluted. beginning from 1:4. in 1% heat-inaetivated, normal rabbit serum in PBS and mixed with an equal volume of sensitized turkey cells in a microtitre plate. Results were read within 1 h at room temperature. Controls included in the test were positive and negative sera, as well as sensitized and non-sensitized cells.
IgM-IFA test
The IgM-IFA test was performed according to the method described by Ashdown [9] . P. pseudomallei was grown overnight on trypticase sov agar (BBL. USA). The organisms were washed twice with PBS. pH 7'4, and resuspended to an opacity equivalent to 10 9 cells/ml. Four microlitres of cell suspension were spotted onto each well of a 30-well Teflon-coated glass slide, air-dried and heat-fixed. Serially diluted serum samples were added to each well and incubated at 37 °C for 30 min. After washing, fluorescein-conjugated sheep anti-human IgM (Wellcome Research Laboratories. UK) was added and further incubated for 30 min at 37 °C. The slides were finally washed twice with PBS, air-dried, and examined for specific fluorescent staining of the bacteria using a Polyvar fluorescence microscope (Reichert. Austria).
RESULTS
The IHA test using turkey erythrocytes and the IgM-IFA test as used in this laboratory were evaluated for sensitivity in detection of P. pseudomallei infection on sera from culture-positive melioidosis patients in Singapore. The IHA and IgM-IFA antibody titres in 19 patients are shown in Table 1 . IHA antibodies were detected in all sera with titres ranging widely from 16 to more than 512. The antibody titre of one serum was as high as 32768 (not shown). All sera also contained IgM-IFA antibodies to P. pseudomallei with titres ranging from 10 to 320. About half (57-9%) of the sera had low titres < 40. High IgM-IFA titres (> 40) were generally found in those sera which had IHA titres of > 64, but there was no direct correlation between the antibody titres obtained in the two tests (data not shown). cases and the control group of healthy Thai workers. Fifteen out of 16 (938%) SUDS sera had IHA antibodies, with titres spreading over a wide range from 4 to 512. In contrast, of 73 healthy Thai workers only 29 (39-7%) had IHA antibodies at a titre of 4 and greater and the difference in seropositivity rates in the two groups with IHA antibodies at titres ^4 is statistically significant (P = 6-1 x 10" 5 ). Of 16 SUDS cases, 11 (68-8%) had IgM-IFA antibodies with titres ranging from 10 to 160. Only 9 of 73 (12-3%) healthy Thai workers, on the other hand, had IgM-IFA antibodies with titres from 10 to 80. The difference in seropositivity rates in the two groups is also statistically significant (P = 6-lxl0" 5 ). Table 3 summarizes the major necropsy findings in the heart, lungs and kidneys of the SUDS cases. The lungs in all cases showed haemorrhage, congestion or oedema. Dilation, pericarditis or haemorrhage were observed in the heart of five cases (nos. 7, 10, 11, 12 and 13), and renal calculi in the kidneys of two cases (nos. Lungs -oedema, emphysema, chronic bronchitis Heart -epicardium showed diffuse fibrous adhesions to the pericardium; congested myocardium Lungs -congested, oedema; fibrous adhesions inferiorly with diaphragm and posteriorly with the chest wall and between the lobes 9 and 12). In the two cases with kidney impairment, one had an IgM-IFA antibody titre of < 10 while the other had a titre of 40.
DISCUSSION
The IHA test using turkey cells has been shown by us to be highly sensitive and specific in the detection of a recent or current P. pseudomallei infection in patients with clinical melioidosis [10] . All culture-positive patients in Singapore had IHA antibodies with a wide distribution of titres, from 16 to 32 768. In contrast, of 783 sera from normal healthy adults (683 national servicemen. 50 blood donors and 50 workers from the Sewage Department) only 5 servicemen had IHA antibodies with titres greater than 16. An IHA antibody titre of > 40 has been suggested by some workers on melioidosis as the cut-off value for a recent or current infection with P. pseudomallei [5, 11] . At the cut-off IHA titre of ^ 32. 94-7% of melioidosis patients (Table 1 ) and 0 4 % (5/783) of normal, healthy adults were positive for P. pseudomallei antibodies. In addition, all melioidosis patients had IgM-IFA antibodies (^ 10). the presence of which are considered by most workers to indicate a recent or current P. pseudomallei infection [5. 6] .
The IHA and IgM-IFA test results on sera from SUDS cases showed that these individuals have had a recent or current infection with P. pseudomallei at the time of death. SUDS cases had significantly higher seropositivity rates for IHA antibody than in healthy Thai workers at cut-off titres of either J;4 or ^ 32. suggesting that recent or current P. pseudomallei infections are more common among SUDS cases than in healthy Thai workers. At the cut-off IHA titre of ^ 32. 50 % of the SUDS cases were negative, compared with the 95 % positivity rate found in melioidosis patients. A possible explanation for this difference could be that the SUDS cases had not had time to produce antibodies.
The recent or current infections with P. pseudomallei demonstrated in SUDS cases are likely to represent reactivation of latent infections acquired in their home country. Latent infections are common in north-eastern Thailand [12] . Although there have been only 17 episodes of reactivations of P. pseudomallei reported in the literature [13] . it is probably a more common occurrence among Thais in north-eastern Thailand than hitherto realized. This is shown by our finding of IgM-IFA antibodies in 12% of normal, healthy Thai workers in this study.
It is also possible that the SUDS patients might have acquired their recent or current P. pseudomallei infection in Singapore as the organism is endemic in the country. We have also tested sera from other immigrant construction workers (from India. Sri Lanka, China and Malaysia) and found a seropositivity rate of 11-6% which is significantly lower than that found in SUDS cases and the normal health}' Thai construction workers (unpublished data). It is more likely that the Thai workers had already been infected in their home country before their arrival in Singapore.
Necropsy studies of two SUDS cases lend support to the hypothesis of reactivation of a latent P. pseudomallei infection. In the pathologist s report of one case (no. 12). the worker died of septicaema with left pyonephrosis. This worker was apparently well on the day of his death when he woke up at 4 a.m.. washed his clothes, had a bath, cooked and ate breakfast. He complained of headache at 6 a.m., and at 7 a.m., he fell and became unconscious. He experienced breathing difficulties which finally led to his death at 8 a.m. Post-mortem examination showed the presence of a large, greenish-black calculus of the pelvi-calyceal system with loculations of pus in the upper two major calyces in the left kidney. He had an IHA titre of 4 and an IgM-IFA titre of 40. In the other case (Xo. 9). a staghorn calculus was found within the pelvis of the right kidney, but no IgM-IFA (< 10) was detected and the IHA titre was 4. It is unfortunate that no microbiological investigations were conducted on these two cases as P. pseudomallei was not suspected to be aetiologically associated with SUDS. Septicaemia with renal impairment, often associated with renal calculi, is common in north-eastern Thailand and is significantly associated with melioidosis [3] .
Reactivation of melioidosis has been reported in patients in association with trauma, burns, steroid administration, cancer, diabetes and infectious diseases due to Streptococcus pneumoniae, plasmodium, and influenza A virus (12) . In SUDS, reactivation of P. pseudomallei infections may be caused by stress, resulting in lowering of host resistance. Immigrant Thai workers from the farming areas of north-eastern Thailand are under immense stress which may arise from maladjustment to an urban environment, separation from the family, socioeconomic problems, long hours of arduous work with little sleep, lack of recreation and heavy alcohol consumption. Stress of both physical and psychological nature are known to modify immune responses in both man and animals [14] . It is pertinent to note that about three-quarters of SUDS cases occurred within their first year of arrival in Singapore. Stress as a risk factor would have been minimized after a period of adjustment.
Other risk factors in SUDS have also been proposed, such as thiamine and potassium deficiencies [5] . However, preliminary results of blood thiamine in healthy Thai workers indicated that the levels were within normal limits, though in the lower range [2] . In the present study, 3 of 16 SUDS cases (nos. 9, 13 and 15 in Table 3 ) had received vitamin B complex supplementation in their diets for periods of 1 week, 3 weeks and 2 months, respectively, before they died. Similarly, the serum potassium levels of healthy Thai workers examined were in the lower normal range [2] .
The aetiological significance of P. pseudomallei in SUDS remains to be determined. The immediate cause of death in SUDS seems to be ventricular fibrillation and its precipitation can be very sudden. A number of SUDS cases were reported to have died while chatting with friends after experiencing breathing difficulties. Death may be due to an anaphylactic-type reaction involving constituents of P. pseudomallei, such as the mortality enhancing polypeptide [15] . It is also possible that a lethal toxic factor may be involved. In experimental studies, Xiggs and colleagues [16] had observed that mice and hamsters inoculated with P. pseudomallei died within 1 or 2 days but showed no gross lesions, a situation not unlike SUDS in humans.
